,-Adrenergic receptor downregulation is the end result of cellular adaptation to prolonged agonist exposure. The factors mediating receptor downregulation include receptor phosphorylation, receptor movement from the plasma membrane to intracellular sites, and alterations in nascent receptor synthesis.
After the lambs recovered for 3 days, hypoxia was produced by gradually inflating the pulmonary arterial occluder with saline, partially obstructing the right ventricular outflow tract and inducing atrial right-to-left shunting.18 Aortic oxygen saturation, measured on an OSM3 hemoximeter (Radiometer, Copenhagen), was decreased to 65-74% and was maintained at this level for 2 weeks. Six additional lambs also underwent thoracotomies and placement of intravascular catheters but did not have atrial septostomies or pulmonary artery occluders and served as normoxemic controls. The hypoxic and control lambs were housed and fed in an identical manner, and although the lambs were not pair-fed, we have previously shown that oral intake is similar in chronically hypoxic and control lambs. 19 At the end of the study, the lambs were killed with intravenous pentobarbital (90 mg/kg), and the hearts were immediately removed. The left ventricular free wall was separated and cleaned of pericardium, fat, and connective tissue. Samples of myocardium were taken from the mid left ventricular free wall. Thin layers (approximately 1 mm) of epicardium and endocardium were dissected free and discarded, and the tissue samples were immediately frozen at -70°C. Bernstein et al Regulation of P-Receptor mRNA During Hypoxia 1467
Validation of Cytosolic Fraction
To validate that the cytosolic fraction was not contaminated by portions of sarcolemmal membrane, we examined the activity of two plasma membrane-associated enzymes.17,23 First, 5'-nucleotidase activity was assayed by using a coupled reaction and determining the rate of formation of NAD+ from NADH by measuring the change in absorbance at 340 ,um.24 Second, basal and maximally stimulated adenylyl cyclase activities were determined by a modification of the method of Salomon et al.22 '25 Tissue (0.2 g) was weighed and placed in 25 vol iced buffer (250 mM sucrose, 5 mM Tris, and 1 mM EGTA, pH 7.45), minced, and homogenized with a Polytron (Brinkman Instruments). The homogenate was centrifuged at 1,085g for 20 minutes. Resuspension and centrifugation of the pellet were repeated three times. The final resuspension was filtered through a 25-gauge needle and brought to a final volume of 12 ml (protein concentration, 5-12 mg/ml). A volume of the homogenate was then added to the reagent mixture (50 mM Tris base at pH 7.5, 0.1 mg/ml bovine serum albumin, 1.0 mM cAMP, 0.1 mM ATP, 0.5 mM MgCl2, 5.0 mM phosphocreatine, and 50 units/ml creatine kinase). Stimulation of adenylyl cyclase activity was achieved by the addition of either 10 
Results

General Characteristics
There was no difference in age or weight at the time of death between the seven hypoxic and six control lambs (Table 1) . Although aortic oxygen saturation was decreased by 26% in the hypoxic lambs compared with the control lambs, hemoglobin concentration increased slightly, so that aortic oxygen content was decreased by only 16% (Table 1) .
Membrane and Cytosolic Fractions
Plasma membrane-associated 5'-nucleotidase activity was present in the membrane fraction and very low in the cytosolic fraction ( Figure 1A ). Adenylyl cyclase activity was also present in membrane fractions but also low in cytosolic fractions ( Figure 1B) . Whereas NaF and forskolin stimulated threefold and eightfold increases in cAMP generation in membranes, there was no increase over basal stimulation in cytosolic fractions. These data indicate an acceptably low level of membrane contamination that could not have significantly affected our measurements of P-receptor density.
Distribution of P-Receptors
The density of 3-adrenergic receptors in the membrane fraction was significantly decreased in the hypoxic lambs compared with the control lambs. However, there was no significant difference in the density of l3-recep- (23%) ; therefore, the physiological significance of alterations in subtype distribution in the lamb would be uncertain. Because of this low level of f2-receptor expression, we were also unable to convincingly detect a signal above the background levels in Northern immunoblots using a human fl2-receptor cDNA probe. Thus, we have not ruled out hypoxia-induced alterations in the fl-receptor/f32-receptor mRNA ratio, although such alterations are not apparent at the receptor protein level.
In summary, we have demonstrated that chronic hypoxia, secondary to an intracardiac right-to-left shunt, downregulates left ventricular f-adrenergic receptor density by reducing steady-state levels of f-receptor mRNA. Our data confirm the role of transcriptional regulation of fl-receptor density in vivo under physiological conditions and in a model that has clinical relevance.
